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Protegrins: leukocyte antimicrobial peptides that combine features of 
corticostatic defensins and tachyplesins. 

Kokryakov VN, Harwig SS, Panyutich EA, Shevchenko AA, Aleshina GM, 
Shamova OV, Korneva HA, Lehrer RI. 

Department of Medicine, UCLA 90024. 

Porcine leukocytes contained three homologous peptides, PG-1, 2 and 3, that 
manifested potent microbicidal activity against Escherichia coli, Listeria 
monocytogenes and Candida albicans in vitro. The peptides ('protegrins') were 
composed of 16 (PG-2) or 18 amino acid residues, and, like tachyplesins (broad- 
spectrum antibiotic peptides of horseshoe crab hemocytes), they contained 
intramolecular cystine disulfide bonds. Considerably smaller thaif^eiferishrs, 
protegrins nevertheless showed substantial homology to them, e^eciaHyTothe 
'corticostatic' rabbit defensin, NP-3a. The relatively simple structure of protegrins 
should provide useful prototypes for constructing congeners with selectively 
enhanced host defense activities. 

PMID: 8335 11 3 [PubMed - indexed for MEDLINE] 
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LOCUS 1KWI_A 101 aa linear MAM 29-JAN-2002 

DEFINITION ^aiai-n A, CWstal Structure Analysis Of The Cathelicidin Motif Of 

( Protegrinp< 
ACCESSION NlkW.I-^A---' 
VERSION 1KWI_A 01:24987482 

DBSOURCE pdb: molecule IKWI, chain 65, release Jan 29, 2002; 
deposition: Jan 29, 2002; 
class: Antimicrobial Protein; 

source: Mol_id: 1; Organism_scientif ic : Sus Scrofa; 
Organism_common: Pig; Gene: Pg3 ; Expression_system: Escherichia 
Coli; Expression_system_common: Bacteria; Expression_system_strain : 
B121(De3); Expression_system_vector_type: Plasmid; 
Expr e s s i on_sy s t em_p 1 a smi d : Pe 1 1 5b ; 
Exp. method: X-Ray Diffraction. 

KEYWORDS 

SOURCE Sus scrofa (pig) 

ORGANISM Sus scrofa 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Cetartiodactyla ; Suina; Suidae; Sus 
REFERENCE 1 (residues 1 to 101) 

AUTHORS Sanchez, J. F. , Hoh,F., Strub,M.P., Aumelas,A. and Dumas, C. 
TITLE Structure of the cathelicidin motif of protegrin-3 precursor: 

structural insights into the activation mechanism of an 
antimicrobial protein 
JOURNAL Structure (Camb) 10 (10), 1363-1370 (2002) 
MEDLINE 22266136 
PUBMED 12377122 
REFERENCE 2 (residues 1 to 101) 

AUTHORS Sanchez, J. F. , Hoh,F., Strub,M.P. 
TITLE Direct Submission 

JOURNAL Submitted (29- JAN-2002 ) 
COMMENT Revision History: 

OCT 9 2 Initial Entry. 
FEATURES Location/Qualifiers 
source 1 . . loi 

/organism="Sus scrofa" 
/db_xref ="taxon: 9823 " 
SecStr 5 . . 19 

/ s ec_s t r_type = " he 1 ix " 

/note= "helix 1" 
SecStr 25 , .31 

/ sec_s tr_type= " sheet " 

/note=" strand 1" 
SecStr 44 . . 50 

/ sec_str_type= " sheet " 

/note=" strand 2" 
SecStr 51 . . 54 
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/note=" strand 3" 
Bond bond (56, 67) 
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SecStr 74 . . 83 

/ sec_str_type= " sheet " 
/note=" strand 4" 



Aumelas,A. and Dumas, C. 



Bond ' ' bond (78, 95) 

/bond_type= "disulfide " 
SecStr 92., 98 
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/note=" strand 5" 
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Purification, primary structure, and antimicrobial activities of a 
guinea pig neutrophil defensin. 

Selsted ME, Harwig SS, 

A broad-spectrum antimicrobial peptide present in guinea pig neutrophils was 
isolated, characterized biochemically, and assessed for microbicidal range and 
potency in vitro. The guinea pig neutrophil peptide (GPNP) was purified to 
homogeneity from a granule-rich subcellular fraction of peritoneal exudate 
neutrophils by gel filtration and reversed-phase high-performance liquid 
chromatography. GPNP was microbicidal for selected bacterial, fUngal, and viral 
test organisms at concentrations in the microgram per milliliter range. Composition 
and primary structure analyses revealed that GPNP was homologous to a recently 
characterized family of antimicrobial peptides, termed defensins, isolated from 
rabbit and human neutrophils. The entire amino acid sequence of GPNP was 
determined, revealing that 8 of 31 residues were among those invariant in six rabbit 
and three human defensin peptides. The conserved sequence included six disulfide- 
linked cysteine residues, a common structural feature of defensins. The sequence of 
GPNP also included three nonconservative substitutions in positions otherwise 
invariant in the human and rabbit peptides. Characterization of GPNP provides new 
insight into structural features which may be essential for the broad-spectrum 
antimicrobial activities of defensins. 

PMID: 3623703 [PubMed - indexed for MEDLINE] 
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Defensins. 

Ganz T, Lehrer RI. 

Department of Medicine, UCLA School of Medicine 90024. 

Defensins are widely distributed and abundant 3-4 kDa antimicrobial peptides that 
are variable cationic and contain six disulfide-paired cysteines. Three structurally 
distinct peptide families have been identified: 'classicar defensins, beta-defensins 
and insect defensins. In many animal species, defensin genes are found in clusters 
with substantial sequence variability outside the core disulfide-linked cysteines. 
Defensin peptides have been found in the granules of phagocytes and intestinal 
Paneth cells, on epithelial surfaces of the intestine and the trachea, and in the 
hemolymph of insects. They are produced from larger precursors by stepwise, 
tissue-specific, proteolytic processing, a production resembling that of peptide 
hormones. Microbes in the phagocytic vacuoles of granulocytes and certain 
macrophages encounter high concentrations of defensins. Increased transcription of 
defensin genes and stimulus-dependent release of pre-synthesized defensin- 
containing cytoplasmic granules contribute to the local antimicrobial response. 

Publication Types: 

• Review 

• Review, Tutorial 

PMID: 7946046 [PubMed - indexed for MEDLINE] 
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Solution structure of bovine neutrophil beta-defensin-12: the peptide 
fold of the beta-defensins is identical to that of the classical defensins. 

Zimmermann GR, Legault P, Selsted ME, Pardi A. 

Department of Chemistry and Biochemistry, University of Colorado at Boulder 
80309-0215, USA. 

The solution structure is reported for bovine neutrophil beta-defensin-12 (BNBD- 
12), a member of the beta-defensin family of antimicrobial peptides. Structural 
constraints in the form of proton-proton distances, dihedral angles, and hydrogen 
bond constraints were derived from two-dimensional, homonuclear magnetic 
resonance spectroscopy experiments. The three-dimensional structure of BNBD-12 
was calculated using distance geometry and restrained molecular dynamics. An 
ensemble of structures with low NOE constraint violation energies revealed a 
precisely defined triple-stranded, antiparallel beta-sheet as the structural core of the 
peptide. The N-terminal beta-strand and three locally well-defined tight turns form 
a hydrophobic face. Conserved isoleucine and glycine residues form a beta-bulge 
structure which initiates a beta-hairpin secondary structure motif composed of the 
second and C-terminal beta-strands. The beta-hairpin contains numerous charged 
residues and forms the cationic face of BNBD-12. The N-terminal residues were 
found to be disordered, due to an absence of tertiary NOEs. The triple-stranded 
beta-sheet, the beta-bulge preceding the hairpin, and the cationic/hydrophobic 
amphiphilic character are definitive features of all defensin structures determined to 
date. Further, we predict that the tracheal antimicrobial peptide (TAP) and the 
recently described gallinacins will have tertiary structures similar to that of BNBD- 
12. 

PMID: 7577957 [PubMed - indexed for MEDLINE] 
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Ganina ciii§ycysteine-rich antimicrobial peptides of chicken 
leukocytes. 



Harwig SS, Swiderek KM, Kokryakov VN, Tan L, Lee TD, Panyutich EA, 
Aleshina GM, Shamova OV, Lehrer RI, 

Department of Medicine, UCLA Center for the Health Sciences 90024. 

We purified three homologous antimicrobial peptides ('gallinacins*) from chicken 
leukocytes, examined their antimicrobial activity in vitro, and established their 
primary sequences by a combination of gas phase microsequencing and on-line LC- 
ESI-MS analysis of endo- and exoprotease peptide digests. The peptides contained 
36-39 amino acid residues, were relatiy cly cationic due to their nu merous lysine and 
arginine residues, and each containe ^j intramolecular cystine di^uffia gj^onds. 
Gallinacins showed primary sequence homology to the recently delineated beta- 
defensin family, heretofore found only in the respiratory epithelial cells and 
neutrophils of cattle, suggesting that beta-defensins originated at least 250 million 
years ago, before avian and mammalian lineages diverged. The 9 invariant residues 
(6 cysteines, 2 glycines and 1 proline) common to avian gallinacins and bovine 
beta-defensins are likely to constitute the essential primary structural motif of this 
ancient family of host-defense peptides. 

PMID: 8150085 [PubMed - indexed for MEDLINE] 
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0FuHtex^ 

Solution structure of thanatin, a potent bactericidal and fungicidal 
insect peptide, determined from proton two-dimensional nuclear 
magnetic resonance data. 

Mandard N, Sodano P, Labbe H, Bonmatin JM, Bulet P, Hetru C, Ptak M, 
Vovelle F, 

Centre de Biophysique Moleculaire, CNRS-UPR 4301, University of Orleans, 
France. 

Thanatin is the first inducible insect peptide that has been found to have, at 
physiological concentrations, a broad range of activity against bacteria and fungi. 
Thanatin contains 21 amino acids including two cysteine residues that form a 
disulfide bridge. Two-dimensional (2D) IH-NMR spectroscopy and molecular 
modelling have been used to determine its three-dimensional (3D) structure in 
water. Thanatin adopts a well-defined anti-parallel beta-sheet structure from residue 
8 to the C-terminus, including the disulfide bridge. In spite of the presence of two 
proline residues, there is a large degree of structural variability in the N-terminal 
segment. The structure of thanatin is quite different from the known structures of 
other insect defence peptides, such as antibacterial defensin and antifungal 
drosomycin. It has more similarities with the structures of various peptides from 
different origins, such as brevinins, protegrins and tachyplesins, which have a two- 
stranded beta-sheet stabilized by one or two disulfide bridges. Combined with 
activity test experiments on several truncated isoforms of thanatin, carried out by 
Fehlbaum et aL [Fehlbaum, P., Bulet, P., Chemysh, S., Briand, J. P., Roussel, J. P., 
Letellier, L., Hetru, C. & Hoffmann, J. (1996) Proc. Natl Acad. Sci. USA 93, 1221- 
1225], our structural study evidences the importance of the beta-sheet structure and 
also suggests that anti-Gram-negative activity involves a site formed by the Arg20 
side-chain embedded in a hydrophobic cluster. 



PMID: 9760181 [PubMed - indexed for MEDLINE] 
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Hoffmann JA, Hetru C. 

Insect defensins: inducible antibacterial peptides. 
Immunol Today. 1992 Oct;13(10):41 1-5. Review. 
PMID: 1418378 [PubMed - indexed for MEDLINE] 

Bulet P, Cociancich S, Dimarcq JL, Lambert J, Reichhart JM, Hoffmann_D, Related Articles, Links 
Hetru C, Hoffmann J A, 

Insect immunity. Isolation from a coleopteran insect of a novel inducible 
antibacterial peptide and of new members of the insect defensin family. 
J Biol Chem. 1991 Dec 25;266(36):24520-5. 
PMID: 1761552 [PubMed - indexed for MEDLINE] 

Bulet P, Cociancich S, Reuland M, Sauber F, Bischoff R^ Hegy Van Related Articles, Links 
Dorsse.la_er A, Hetru^C^ Ho.ffmann JA. 

A novel insect defensin mediates the inducible antibacterial activity in larvae of 
the dragonfly Aeschna cyanea (Paleoptera, Odonata). 
Eur J Biochem. 1992 Nov l;209(3):977-84. 
PMID: 1425705 [PubMed - indexed for MEDLINE] 

CpciandcLS,^uaont Aiiegy_G^J-a^ Related Articles, Links 

JA. B ulet P. 

Novel inducible antibacterial peptides from a hemipteran insect, the sap-sucking 

bug Pyrrhocoris apterus. 

Biochem J. 1994 Jun 1;300 ( Pt 2):567-75, 

PMID: 8002963 [PubMed - indexed for MEDLINE] 

Lowenber ger C, Bulet P,jChajMM Jetm C^Hodg eman B, Christen sen Related Articles, Links 
BM. Hoffmann J A. 

Insect immunity: isolation of three novel inducible antibacterial defensins from the 

vector mosquito, Aedes aegj^ti. 

Insect Biochem Mol Biol. 1995 Jul;25(7):867-73. 

PMID: 7633471 [PubMed - indexed for MEDLINE] 



G6: .BpmajcLHG. 

□ 



Related Articles. Links 



Antibacterial peptides: key components needed in immunity. 
Cell. 1991 Apr 19;65(2):205-7. Review. No abstract available. 
PMID: 2015623 [PubMed - indexed for MEDLINE] 
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Chalk R, Townson H, Natpri .S, Desmond H 

Purification of an insect defensin from the mosquito, Aedes aegypti 
Insect Biochem Mol Biol 1994 Apr;24(4):403-10. 
PMID: 8025559 [PubMed - indexed for MEDLINE] 
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Related Articles, Links 



Defensins: endogenous antibiotic peptides from human leukocytes. 
Ciba Found Symp. 1992;171:276-90; discussion 290-3. Review. 
PMID: 1302183 [PubMed - indexed for MEDLINE] 
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Hoffmann JA. 

Characterization and transcriptional profiles of a Drosophila gene encoding an 
insect defensin. A study in insect immunity. 
Eur JBiochem. 1994 Apr l;221(l):201-9. 
PMID: 8 1 68509 [PubMed - indexed for MEDLINE] 
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' Hoffmann JA, Bulet P. 

B Insect immunity. Isolation from the lepidopteran Heliothis virescens of a novel 
insect defensin with potent antifungal activity. 
J Biol Chem. 1999 Apr 2;274(14):9320-6. 
PMID: 10092609 [PubMed - indexed for MEDLINE] 
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□ [Defensins and antibiotic peptides related to them in the evolution of animal 
protective systems] 

Zh Evol Biokhim Fiziol. 1997 Jan-Feb;33(l): 109-23. Review. Russian. No abstract available. 
PMID: 9412106 [PubMed - indexed for MEDLINE] 

n 13: Rees JA. Moniatte M. Bulet P. Related Articles, Links 

Novel antibacterial peptides isolated from a European bumblebee, Bombus 
pascuorum (Hymenoptera, Apoidea). 
Insect Biochem Mol Biol. 1997 May;27(5):413-22. 
PMID: 9219367 [PubMed - indexed for MEDLINE] 

n 14: Dimarcq JL, Zachary D, Hoffmann JA, Hoffmann D, Reichhart JM. Related Articles, Links 

Insect immunity: expression of the two major inducible antibacterial peptides, 
defensin and diptericin, in Phormia terranovae. 
EMBO J. 1990 Aug;9(8):2507-15. 
PMID: 2369900 [PubMed - indexed for MEDLINE] 

r~ 15: Kimbrell DA. Related Articles, Links 

Insect antibacterial proteins: not just for insects and against bacteria. 
Bioessays. 1991 Dec; 1 3(1 2):657-63. Review. 
PMID: 1789783 [PubMed - indexed for MEDLINE] 

U 16: Lehrer RI, Li chtenstein AK , Ga n z T. Related Articles, Links 

Defensins: antimicrobial and cytotoxic peptides of mammalian cells. 
Annu Rev Immunol. 1993;1 1:105-28. Review. 
PMID: 8476558 [PubMed - indexed for MEDLINE] 
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biochemical purification of a defensin antibacterial peptide and molecular 
cloning of preprodefensin cDNA. 
Insect Mol Biol. 1996 Aug;5(3):203-10. 
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Hoffmann,. J, 

Purification and characterization of a scorpion defensin, a 4kDa antibacterial 
peptide presenting structural similarities with insect defensins and scorpion 
toxins. 
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PMID: 8333834 [PubMed - indexed for MEDLINE] 
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A novel insect defensin mediates the inducible antibacterial activity in 
larvae of the dragonfly Aeschna cyanea (Paleoptera, Odonata). 

Bulet P, Cociancich S, Reuland M, Sauber F, Bischoff R, Hegy G, Van 
Dorsselaer A, Hetru C, Hoffmann JA, 

Laboratoire de Biologic Generale, Universite Louis Pasteur, Unite de Recherche 
Associee, Centre National de la Recherche Scientifique 1490, Strasbourg, France. 

The injection of low doses of bacteria into the aquatic larvae of dragonflies 
(Aeschna cyanea, Odonata, Paleoptera) induces the appearance in their hemolymph 
of a potent antibacterial activity. We have isolated a 38-residue peptide from this 
hemolymph which is strongly active against Gram-positive bacteria and also shows 
activity against one of the Gram-negative bacteria which was tested. The peptide is 
a novel member of the insect defensin family of inducible antibacterial peptides, 
which had so far only been reported from the higher insect orders believed to have 
evolved 100 million years after the Paleoptera. Aeschna defensin is more potent 
than defensin from the dipteran Phormia, from which its structure differs in several 
interesting aspects, which are discussed in the paper. 

PMID: 1425705 [PubMed - indexed for MEDLINE] 
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Insect defensins: inducible antibacterial peptides. 
Hoffmann JA, Hetru C. 

Laboratoire de Biologic Generale Universite Louis Pasteur, CNRS Research Unit 
1490, Strasbourg, France. 

In response to bacterial challenge or trauma, insects produce a battery of 
bactericidal or bacteriostatic molecules with a broad spectrum of activity against 
Gram-positive and/or Gram-negative bacteria; most are small-sized cationic 
peptides. This review focuses on insect defensins, a large group of inducible 
antibacterial peptides that are present both in ancient and recent insect orders. This 
immune response of insects shares many of the characteristics of the mammalian 
acute phase response. 

Publication Types: 

• Review 

• Review, Tutorial 

PMID: 1418378 [PubMed - indexed for MEDLINE] 
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